1. Introduction {#sec0001}
===============

Colloquially, 'insight' is understood as the capacity to have a deep understanding of a specific situation, or, as the word itself may suggest, an 'internal sight' ([@bib0064]). In a clinical context, 'insight' refers to a conscious knowledge of health conditions and the capability to identify or judge the presence or severity of disease or symptoms ([@bib0103]). Likewise, the term 'altered insight' embraces an inaccurate self-perception of a particular health status and/or its associated symptoms and potential consequences ([@bib0048]; [@bib0053]; [@bib0061]).

Altered insight cuts across different brain disorders including multiple forms of dementia ([@bib0099]), traumatic brain injury (TBI) and schizophrenia (SCZ) ([@bib0019]), among others. Reduced insight is commonly observed in Alzheimer\'s disease (AD) and is especially prominent in frontotemporal dementia (FTD) ([@bib0099]). Severely impaired insight has been reported in 75% of cases with FTD ([@bib0097]), and is one of the main clinical features of behavioural variant FTD (bvFTD) ([@bib0097]; [@bib0062]; [@bib0071]). Although altered insight is a critical symptom in FTD, its neural foundations have not yet been fully explored.

Exploring the neural correlates of altered insight in FTD and associated syndromes has significant clinical relevance for several reasons. Diagnosing FTD is frequently clinically challenging and often delayed ([@bib0094]). Identifying potential neuroimaging biomarkers specific to the patterns of reduced insight, a highly frequent symptom observed in FTD variants ([@bib0099]; [@bib0097]; [@bib0062]; [@bib0071]), is of great clinical interest. The timely detection of cognitive decline and dementia may be interfered by altered insight ([@bib0037]; [@bib0039]) probably due to its role in the recognition and reporting of neuropsychological and behavioural symptoms ([@bib0048]; [@bib0053]; [@bib0061]). Greater understanding of the neural underpinnings of insight will aid disease prognostication, and may provide surrogate markers of disease progression for use in clinical trials.

Altered insight in dementia is associated with difficulties in performing activities of daily living (ADL), impaired decision making, dysthymia, apathy, psychosis, reduced adherence to treatment, increase in risky behaviours and caregiver burden ([@bib0102]; [@bib0001]; [@bib0002]). As a consequence, altered insight can impair quality of life and limit independence. Affected individuals may continue to perform everyday tasks such as cooking or driving when they are unsafe to do so, due to their reduced insight into cognitive or motor symptoms. Moreover, altered insight can lead to delayed presentation to clinical services, refusal of appropriate clinical investigations, and delayed diagnosis.

There is a theoretical importance to the study of the brain areas implicated in altered insight in dementia. The notion of 'self' encompasses a system of personal representations (or mental constructs), traits and attitudes that shape behaviour and social interactions ([@bib0063]) and provide a sense of personal identity ([@bib0057]). These will clearly be influenced by the degree of insight one has into personal abilities and disabilities. Congruently, exploring insight can offer a window onto neural mechanisms underlying the self itself ([@bib0057]) and other self-referential processes such as self-evaluation, self-awareness and consciousness, and can therefore potentially make a significant contribution to our understanding of human cognitive neuroscience ([@bib0102]).

Research into the neural correlates of insight has been hampered by the high complexity of the term and a certain lack of consistency in its definition ([@bib0047]). Patients' reduced conscious knowledge of their own disease status or specific symptoms has been differently conceptualized as anosognosia, unawareness, lack of insight, denial, or impaired metacognition, among other terms ([@bib0019]; [@bib0047]; [@bib0028]). Anosognosia is often used to refer to reduced insight into specific symptoms such as amnesia ([@bib0096]; [@bib0084]) or a broader disease unawareness in dementia ([@bib0069]). This scenario differs from its original connotation referring to the clinical consequences of stroke ([@bib0053]). The concepts of unawareness and lack of insight have had similar definitions in the literature ([@bib0053]; [@bib0061]). The term metacognition has been recently used in dementia when investigating self-perception and self-monitoring ([@bib0020]; [@bib0022]).

A potential resolution to the problem of conceptualizing insight is to define it at the object level ([@bib0048]). Insight only emerges when it is related to something (an object) either pathological or non-pathological, and it cannot be expressed without having something to have insight into ([@bib0048]; [@bib0047]; [@bib0046]). From this approach, object is understood as a "particular mental or physical state (e.g., mental illness, neuropsychological deficit) in relation to which insight is being assessed" (26 p.245). Thus, the relational nature of the term is highlighted, and insight can be fractionated into different clinical phenomena that are targeted at their respective objects ([@bib0047]). For instance, insight into having a specific disease (e.g. dementia) would differ from insight into a specific function such as memory, language or walking ability ([@bib0047]; [@bib0028]). This approach may facilitate the search for the neural correlates of altered insight in dementia ([@bib0047]; [@bib0028]).

Altered insight is not an 'all-or-nothing' phenomenon ([@bib0001]). One may over or underestimate one\'s abilities, to a greater or lesser degree. Previous work in neuropsychiatric disorders has shown insight to be more severely reduced in patients with AD compared to people with TBI and SCZ ([@bib0028]). In dementia, individuals with FTD tends to show less insight into their symptoms than people with AD ([@bib0075]). Insight is also more severely affected in bvFTD than in the language variants of FTD ([@bib0006]). Additionally, some patients may exhibit impaired insight into some objects but not others. For example, impaired insight into cognitive functions or into behavioural disorders can be presented independently in patients with AD ([@bib0086]).

Emerging evidence supports the hypothesis that insight is object specific. Research suggests that several types of self-referential mechanisms can be differentiated across particular brain areas ([@bib0057]). For instance, a global conception of the self has been correlated with midline cortical anterior and posterior structures including the prefrontal, parietal, cingulate and retrosplenial cortices ([@bib0057]). On the other hand, encoding of self-relatedness for external and internal inputs may be mostly situated at ventral midline cortical areas, whereas revaluation of self-related stimuli seems to principally face dorsal midline cortical networks. For its part, temporal functions might be sustained by interactions between posterior midline cortical areas and the hippocampal complex ([@bib0057]).

Alternatively, disorders presenting with variable types of altered insight can illustrate the potential neuroanatomical specialization of this symptom. The right hemisphere is particularly implicated in the altered insight seen post stroke ([@bib0011]), whereas in Anton\'s syndrome, where an individual loses vision but continues to believe they can see, a bilateral deterioration of the visual cortex in the occipital lobes occurs ([@bib0069]). On the other hand, the striking neurological sign known as 'alien limb', which consists of sense of estrangement towards a limb that moves involuntarily, has been associated to callosal, parietal and frontal brain anomalies not only mainly in corticobasal syndrome (CBS), but also in Creutzfeldt-Jakob disease (CJD) ([@bib0030]).

The Dissociable Interactions and Conscious Experience (DICE) model was initially developed to account for the differentiation between explicit and implicit memory processes ([@bib0077]). Later, this approach was used to describe the neural processes underpinning altered insight ([@bib0053]). It is theorized that the brain networks supporting altered insight into specific objects differ from those that configure broader overarching awareness of health status ([@bib0053]). The model includes an operational centre in charge of mediating insight named the Conscious Awareness System (CAS). The CAS is strategically set up throughout posterior callosal, cingulate and parietal brain areas, and receives inputs from objects such as perception, memory, and language ([@bib0053]; [@bib0003]). Thus, damage to partial areas of the CAS or one of its connections may result in the expression of isolated altered insight into a specific object ([@bib0053]; [@bib0003]). Frontal lobes and executive functioning are also postulated to play a crucial role in this model. In DICE, disruptions involving the entire CAS or executive functions can create overarching altered insight into health status ([@bib0053]; [@bib0003]).

Studies conducted in AD patients suggest that distinctive neural substrates underlie insight into different objects. For instance, overarching insight into having dementia has been linked with AD pathology in the right prosubiculum of the hippocampus on histopathological analysis ([@bib0050]), whereas insight into broad cognitive and functional impairment correlated with low metabolic rate in right lateral and dorsolateral frontal cortex ([@bib0034]). Altered insight into memory impairment in AD appears to be linked to reduced blood flow in the left orbitofrontal cortex ([@bib0084]) or hypometabolism in medial and lateral frontal lobes, left inferior parietal areas and the cingulate on functional brain imaging studies ([@bib0033]), whereas this symptom appears to be related to dysfunctions in inferior frontal areas in both MCI and AD ([@bib0096]).

Variable associations between different types of insight and brain involvement have been also reported in patients with stroke, vascular dementia (VD), TBI and SCZ. Correlations between impaired insight into hemiplegia and damage to frontal, parietal, insula and basal ganglia areas have been found in many studies conducted with patients with strokes ([@bib0065]). Disease unawareness in patients with VD has been associated with frontal lobes and basal ganglia dysfunction ([@bib0087]), while impaired insight into ADL ability was linked to damage to the insula and both right- and left-sided stroke disease ([@bib0091]). TBI studies highlight prefrontal and anterior temporal lobe areas as being crucial for insight into disease ([@bib0068]). In contrast, failure at judging personal traits and skills have been associated with decreased mid-line blood flow in the prefrontal and retrosplenial cortices in TBI ([@bib0078]). Clinical insight into SCZ, meaning insight into having a SCZ diagnosis, its symptoms and consequences, has been linked with activity in regions adjacent to frontal, temporal and parietal lobes, along with thalamus, basal ganglia, and cerebellum ([@bib0100]). Cognitive insight in SCZ, referring to the ability to evaluate personal experiences, has correlated instead with the prefrontal cortex and hippocampal functioning ([@bib0100]). Altogether, these results imply that different objects of insight may have distinct neuroanatomical substrates in AD and other brain disorders. It is therefore plausible that this may also occur in FTD.

The overarching aim of this systematic review is to examine the neural bases of altered insight in FTD and its associated syndromes. We explore what the neural correlates of altered insight are in FTD and whether they differ across different objects of altered insight, either broad objects (i.e. altered insight into presence of disease/diagnosis or health condition) or more specific objects (i.e. altered insight into particular neuropsychological, neuropsychiatric or behavioural objects). Consequently, evidence for and against the concept of altered insight into different objects being subserved by different or compatible brain regions is reviewed. We hypothesized that altered insight into different objects is underpinned by distinctive brain areas. We predict that by utilising a more precise definition of subtypes of insight it will be possible to better understand the neural correlates of altered insight. Detailed dissection of the neural correlates of different types of insight used in different studies may yield important information as to whether altered insight in FTD occurs at a broad or more specific object level. Exploring the neuroanatomical foundations of altered insight can contribute to the understanding of a clinical phenomenon critical for the early diagnosis and effective management of FTD and other forms of dementia.

2. Methods {#sec0002}
==========

2.1. Procedure and definitions {#sec0003}
------------------------------

The present systematic review was carried out in accordance with the procedures proposed by the Preferred Reported Items for Systematic Reviews and Meta-analyses (PRISMA) protocol guidelines ([www.prisma-statement.org](http://www.prisma-statement.org){#interref0001}) ([@bib0042]; [@bib0058]) and was correspondingly registered on the International prospective register of systematic reviews PROSPERO database (CRD42019078504) ([@bib0012]; [@bib0013]). The focus of this work was formulated considering the PICOS/PECOS approach ([@bib0042]; [@bib0058]). This led to the design of a search strategy intended to be as inclusive as possible to properly address the main purpose of this systematic review.

Altered insight was defined as a relational clinical phenomenon characterised by reduced self-knowledge or awareness of an object, either broad objects (i.e. disease diagnosis or health condition) or more specific objects (i.e. particular cognitive, behavioural, functional or neuropsychiatric symptoms) ([@bib0048]; [@bib0047], [@bib0045]). Concerning broad objects of insight, it should be noted that two connotations were considered in this systematic review: altered insight into the presence of a disease and diagnosis, or overall insight into health condition (either referring to self-perception of being in good or poor health and ability, or where authors combined insight scores into multiple objects, either cognitive or behavioural). FTD was defined as a neurodegenerative disease with diverse presentations, including behavioural (bvFTD), language (progressive non-fluent aphasia -PNFA-, semantic dementia -SD-, logopenic aphasia -LA-) and associated motor variants (motor neuron disease -MND-/amyotrophic lateral sclerosis -ALS-/FTD) ([@bib0071]; [@bib0015]; [@bib0043], [@bib0044]; [@bib0040]; [@bib0066]; [@bib0029]; [@bib0089], [@bib0090]). Although LA can be explained by AD pathology in roughly 56% of the cases ([@bib0027]) and therefore classified as such ([@bib0072]), it has been stated that frontotemporal lobar degeneration can account for 38% of the cases of LA ([@bib0027]), which the authors considered as sufficient justification to include it in the current review.

Diverse approaches were considered for the assessment of altered insight. In terms of the brain imaging methods used to explore the neural correlates of impaired insight in FTD, both structural and functional techniques were considered, including magnetic resonance imaging (MRI), functional MRI, positron emission tomography (PET), single-photon emission computed tomography (SPECT) and other methods used in cognitive neuroscience including EEG (electroencephalography) ([Table 1](#tbl0001){ref-type="table"}).Table 1Generic model of the systematic review search strategy.Table 1Keywords[\*](#tb1fn1){ref-type="table-fn"}Inputs[⁎⁎](#tb1fn2){ref-type="table-fn"}FTD, bvFTD, PNFA, SD, LA, MND, ALS, FTLD PiD, CBD, PSP.Frontotemporal dementia and its associated syndromesinsight, lack of insight, awareness, unawareness, self-appraisal, anosognosia, metacognition.Altered insightneural correlates, anatomical or neuroanatomical bases, histopathological techniques, MRI, CT, DTI, fMRI, PET, SPECT, MRS, EEG, MEG, RS.Neural correlates and brain imaging methods[^1][^2][^3]

2.2. Data sources and search strategy {#sec0004}
-------------------------------------

A thorough search was performed across 6 online databases including Medline, Embase, PsycINFO, Web of Science, BIOSIS and ProQuest Dissertations & Theses Global in August 2019. References cited by the group of selected papers and pertinent reviews were manually examined to seek additional relevant papers. A generic model of the search strategy and key words used in this systematic review can be seen in [Table 1](#tbl0001){ref-type="table"}. This generic search strategy was modified to fit with the specific headings and/or sub-headings proposed by each of the databases. Examples of the particular search strategies run onto each database can be found in the supplementary section of this article (Supplementary Material 1). Papers found across the databases included in this systematic review were merged into a unified files that were then imported into EndNote X9 ([@bib0092]), where the final number of publications was deduplicated.

2.3. Study selection {#sec0005}
--------------------

Two independent reviewers (CMN and AT) screened titles and abstracts and where necessary full-texts. Agreement for relevant papers in the final selection was reached through the aid of the online tool Covidence ([www.covidence.org](http://www.covidence.org){#interref0002}) ([@bib0052]). Any disagreement was solved by discussion until consensus was obtained.

Inclusion criteria:iStudies of human beings published in English language between 1980 and August 2019.iiStudies seeking to correlate insight into any object (broad objects defined as insight into presence of disease/diagnosis status or health condition, or specific objects focused on particular neuropsychological, functional, behavioural or neuropsychiatric domains) with the outcomes of either structural or functional brain imaging.iiiStudies with samples of patients with any form of FTD and/or associated syndromes.

Exclusion criteria:iInvestigations conducted on animals.iiArticles published in languages different from English.iiiStudies which did not include brain imaging.ivInvestigations conducted solely with cognitively healthy normal controls.

2.4. Data extraction and analysis {#sec0006}
---------------------------------

Making use of a pre-defined structured data extraction form, two independent reviewers (CMN and AT) extracted the following details from each paper included in the final selection: participant groups (including diagnoses), insight assessment methodology, object of insight measured, brain imaging modality and analysis methods, and study findings. A quality assessment based on a modified version of the Newcastle-Ottawa Scale ([@bib0098]; [@bib0083]) for cross-sectional studies (Supplementary Material 2) was performed by two independent reviewers (CMN and AT) over the final selection of articles. Complementary, an examination utilising Crombie\'s items along with a global qualitative critical appraisal was conducted across those papers ([@bib0104]). The results from the final selection of papers were organised according to broad or specific objects of insight and their respective neural correlates.

3. Results {#sec0007}
==========

3.1. Study selection {#sec0008}
--------------------

A total of 660 records were identified and screened across the databases explored. 623 results were excluded following title or abstract screening where applied, which corresponded to postgraduate dissertation projects and theses (32), conference abstracts (126), other reviews (127), clinical cases (29), book sections (9) and other publications exploring FTD on issues not pertinent for this review, neuropsychiatric conditions other than FTD, diverse behavioural studies in dementia with no neuroimaging method utilised or general irrelevant topics (300) ([Fig. 1](#fig0001){ref-type="fig"}). Among the 37 papers shortlisted for full reading, 22 were considered not pertinent since they did not make use of neuroimaging or focused on neurogenerative diseases other than FTD. 15 studies met the selection criteria of this systematic review ([@bib0004]; [@bib0007]; [@bib0026]; [@bib0035]; [@bib0036]; [@bib0041]; [@bib0051]; [@bib0054]; [@bib0055]; [@bib0056]; [@bib0073]; [@bib0074]; [@bib0082]; [@bib0085]; [@bib0101]) ([Tables 2](#tbl0002){ref-type="table"} and [3](#tbl0003){ref-type="table"}).Fig. 1PRISMA Flow Diagram.Fig. 1Table 2Final selection of relevant papers: participants, insight assessment methodology, insight object(s) assessed, brain imaging methods, and study quality.Table 2PaperParticipantsInsight assessment methodologyInsight object(s) assessedBrain imaging methodsStudy Quality[\*](#tb2fn1){ref-type="table-fn"}[@bib0055]29 FTDInsight question from CERAD plus 3 extra insight questions\
4-point Likert scale ranging from total unawareness (0) to normal awareness (3)Presence of disease Behavioural changeVisual rating of PET and SPECT imagesFair[@bib0056]30 FTD\
30 ADClinical judgment Presence or absence of patients' insight into illnessPresence of diseaseVisual inspection of SPECT imagesFair[@bib0054]74 bvFTDClinical judgment using Frontotemporal Dementia Inventory (degree of characterization of the object in reference ranging from 1 -not characteristic at all- to 5 -extremely characteristic-)Behavioural changeVisual rating of SPECT imagesGood[@bib0041]26 bvFTD 29 CBS 12 PPAClinical judgment on the NRS item 'Inaccurate insight and self-appraisal' ranging from 1 (not present) to 7 (extremely severe) Participant - informant DS on the FrSBe.Presence of disease and health status\
Executive dysfunctionMRI with automated parcellation of cerebral cortex into 68 regions of interest using FreeSurferGood[@bib0036]8 ALS\
8 FTLD\
11 HCClinical judgement\
Combination of DS between patients' & clinicians' judgement on an Anosognosia scale (scores ranging from 0 to 32)Overall motor, cognitive and emotional functioning.Longitudinal changes of areas of bilateral anterior and inferior horns on CT images using SynapseGood[@bib0035]24 bvFTD 18 SD\
13 PNFA\
15 AD\
11 LAPatient - informant DS on the Insight QuestionnaireSpecific scores on:\
Diagnosis and treatment Social behaviour Emotion Language Motivation/ organization\
Plus analysis of an overall insight score across all objectsVBM analysis of MRI using FSLGood[@bib0051]49 bvFTD 73 ADDS between retrospective self-appraisal and standardized scores on language and episodic memory tasksMulti-domain self appraisal (average performance on language and episodic memory tasks)VBM analysis of MRI using SPM5Good[@bib0073]2 ALS\
2 MCI\
9 AD\
10 FTD\
5 SD\
5 PPA\
4 CBD\
2 HCDS between retrospective self-rating of performance and standardize scores on attention, episodic memory, language & executive function tasksOverall cognitive performance (average performance on working memory, attention, episodic memory and executive function tasks)VBM analysis of MRI using SPM5Fair[@bib0082]35 AD 21 bvFTD\
7 right-temporal variant FTD 8 svPPA\
7 nfPPA\
46 HCParticipant-informant DS using the Patient Competency Rating Scale (PCRS)ADL competency Cognitive ability Interpersonal ability\
Emotional ability Composite score of all the above objectsVBM analysis of MRI using SPM5Good[@bib0085]28 bvFTD 16 svPPA\
4 nfPPA\
23 AD\
12 CBS\
19 HCParticipant-informant DS using the Interpersonal Reactivity Index (IRI)EmpathyVBM analysis of MRI using SPM5Good[@bib0074]16 bvFTD 16 HCParticipant-informant DS using questionnaires on behaviour prediction and personality assessmentBehavioural and personality changesVBM analysis of PET images using SPM2Good[@bib0007]8 bvFTD\
26 HCParticipant - informant DS on the MARS\
Participants' performance prediction on a FOK taskMemory (autonoetic consciousness)FDG-PET analysis using SPM8Good[@bib0101]27 bvFTD 12 aphasic variants of FTD\
31 CBS\
14 HCParticipant-informant DS on the FrSBe; clinical judgementExecutive functionVBM analysis of MRI using SPM5Good[@bib0004]23 bvFTD 30 HCParticipant - informant DS on the AQ-D_iADLiADLVBM analysis of MRI using SPM8Good[@bib0026]18 bvFTD 21 AD 18 FIS\
42 HCParticipants' ratings on their confidence to count their own heart beats (HBD) over accuracy, learning and feedback stagesInteroceptive awarenessVBM and lesion mapping analyses of MRI using SPM12, MRI resting state analysis using SPM8 and HEP/ERP analysis of EEG.*Good*[^4]Table 3Final selection of relevant papers: strength of correlation between altered insight assessment and neuroimaging metrics, and main findings.Table 3PaperStrength of correlation between altered insight assessment and neuroimaging metricsStudy findingsStatistical analyses; Coefficient usedThresholdThreshold cluster extent where applicablep value used for interpretation[@bib0055]Factorial analysis of variance (ANOVA), F-testNot specifiedNot applicable (visual inspection)*p* \< 0.001 for main effect; *p* \< 0.01 for right-left hemispheres and frontal-temporal lobes effects; not significant interaction (however, right frontal predominance)Loss of insight in FTD was associated with hypoperfusion/hypometabolism in the right hemisphere, especially in the frontal lobes.[@bib0056]*X*^2^Not specifiedNot applicable (visual inspection)*p* = 0.04Patients with FTD showed an early loss of personal awareness related to uneven frontotemporal dysfunctions, either bilateral or unilateral[@bib0054]Ordinal regression; F and Bonferroni tests*p* \< 0.005Not applicable (visual inspection)*p* \< 0.001Loss of insight into behavioural change was associated with right frontal hypoperfusion[@bib0041]Regression; R^2^Not specifiedNot specified*R*^2^ = =0.45 for self-regulation mask- Outcomes from measures of clinical judgement were more robust than patient-informant DS when correlating with brain structures.\
- Altered global insight correlated with left OFC and right rostral ACC in the whole cohort of patients (bvFTD, CBS and PPA).\
- Episodic memory functioning did not predict altered insight.[@bib0036]Two-tailed Fisher correlation*p* \< 0.05N/A (areas of horns measured in mm2)*p *= 0.0016 for anterior horn; *p* \< 0.0001 for inferior horn- Significant positive correlations between anosognosia scores and increase of anterior and inferior horns sizes (indexes of frontotemporal atrophy) in ALS, but especially ALS with FTLD.\
- Longitudinal increases of horn sizes were significantly more rapid in non-demented ALS patients compared with controls.\
- The anosognosia score was predominantly correlated with longitudinal enlargement of the inferior horn size (index of medial temporal lobes atrophy) in non-demented ALS patients.[@bib0035]Voxel-wise general linear model; Covariate only model; T-contrastSignificant clusters formed by TCE method (5000 permutations); *p* \< 0.001, FDR corrected for each voxel20 voxels*p* \< 0.001- Scores on insight into Diagnosis and treatment and Language domains did not differ among groups and were not covaried with GM volumes.\
-Whole group (bvFTD, SD, PNFA, AD and LA) significant correlations were found between GM volumes and insight into social interactions, emotion processing, and motivation/organization, but not on dementia subgroup analysis.\
-Social interactions insight correlated with left OFC, left PHPC, right MTG, bilateral insula, and right AMG atrophy.\
- Emotion processing insight correlated with bilateral FP cortices, right DLPC, supplementary motor area, bilateral ACC, and left AMG atrophy.\
- Motivation insight covaried with bilateral OFC, left ACC, right FP cortical atrophy.\
- Overall insight covaried with bilateral OFC and right FP cortical atrophy.[@bib0051]Regression*p* \< 0.05 FDR corrected for both voxel and cluster level analyses15 voxels*p* \< 0.05Impaired capacity to self-appraise cognitive performances correlated with GM density across ventral and rostral medial prefrontal regions in AD and bvFTD and especially with the subgenual cingulate (BA 25) in bvFTD.[@bib0073]Covariates only model*p* \< 0.05 corrected for MC using FWE correction25 voxels*p* \< 0.05Altered self-appraisal correlated with tissue content mainly in the right ventromedial prefrontal cortex in the whole cohort (behavioural and language variants of FTD, CBD, ALS, MCI, AD and HC).[@bib0082]General linear models; T-test*p* \< 0.05 FWE correctedStudy specific T-threshold at *p* \< 0.05 after 1000 permutations*p* \< 0.05- Whole group analysis (behavioural and language variants of FTD, AD and HC). Participants were split into under- and over-estimators.\
- Overestimating ADL competency correlated with atrophy of widespread right frontal regions, anterior insula, putamen, thalamus, medial & lateral temporal lobes & pons.\
- Overestimating cognitive functioning was associated with atrophy of right middle frontal & middle temporal gyri.\
- Overestimating emotional control correlated with atrophy in bilateral OFC, insula and right SFG.\
- Overestimating interpersonal abilities was linked with atrophy of putamen and fusiform gyrus.\
- Overestimating overall functioning was associated with atrophy of right orbital inferior frontal gyrus, middle frontal gyrus, caudate head, and putamen, left superior frontal gyrus, and the pons.[@bib0085]Multiple regression design (covariates only); T-test*p* \< 0.001 voxel-wise*p* \< 0.001 corrected for MC at *p* \< 0.05 based on cluster extent and a custom-fit error distribution determined by 1000 permutations*p* \< 0.001 uncorrected- Overestimation of empathic concern correlated with GM volumes in right-hemispheric anterior inferolateral temporal regions in the whole cohort of participants behavioural and language variants of FTD, AD, AD, CBS y HC).\
- bvFTD and nfPPA mostly overestimated their empathic concern compared to HC.[@bib0074]Behavioural-metabolic correlation analyses; Z-scores*p* \< 0.05 corrected at cluster level315 voxels*p* \< 0.05- Decreased metabolic activity in the left temporal pole correlated with reduced insight into behavioural change in bvFTD group\
- Reduced insight into personality changes did not exhibit significant neural correlates[@bib0007]Factorial analysis*p*\<0.05 FWE corrected for MC at the voxel level20 voxels*p* \< 0.05bvFTD patients with reduced autonoetic consciousness exhibited hypometabolism across the anterior medial prefrontal cortex, the left dorsolateral prefrontal cortex (near the superior frontal sulcus), parietal regions, and the posterior cingulate cortex.[@bib0101]Full factorial model; One tailed T-test*p* \< 0.001 uncorrected1568 voxels*p* \< 0.001 uncorrected; *p* \< 0.05 FWE corrected and FDR- Combined cohort (behavioural and language variants of FTD, CBS and HC) showed correlations between reduced insight into behavioural change and GM loss in a region extending from the right superior temporal sulcus to the right ITG (posterior region of the right superior temporal sulcus, adjacent to the temporoparietal junction).\
- bvFTD patients underestimated their current behavioural disturbances and overestimated their premorbid ones.[@bib0004]Explorative univariate linear regression*p* \< 0.005 corrected for MC; statistical inferences made according to RFT150 voxels; small clusters filtered with a p FWE corrected\>0.05 (Ke\> FWE corrected)*p* \< 0.001bvFTD patients exhibited significant correlations between decreased awareness of performance on iADL and regional GM volume changes in the MPFC (predominantly MCC, dorsal anterior insula and cuneous) and areas of the anterior and posterior cerebellum.García-Cordero et al. (2016)Multiple regressions; T-tests and Spearman correlationsStructural and functional analysis: *p* \> 0.001 uncorrected; lesion analysis: *p* \< 0.0550 voxels in structural analysis and 10 voxels in functional analysis*p* \< 0.05 or *p* \< 0.001*Correlations between interoceptive awareness & structural MRI:*\
- Combined bvFTD, AD & HC groups: IFG, STG, temporal pole, ACC, AMG, HPC and PHPC.\
- bvFTD group alone: temporal and parietal cortices plus the MCC, PHPC and AMG.\
*Correlations between interoceptive awareness & resting state MRI:*\
- Combined bvFTD, AD & HC group: IFG, HPC and PHPC.\
- bvFTD group alone: inferior, middle and superior frontal gyri including the prefrontal cortex.

3.2. Characteristics of the selected studies {#sec0009}
--------------------------------------------

Most of the studies (13 papers) focused on exploring the neural substrates of altered insight into presence of disease/diagnosis (2 papers) or health condition status (7 papers) or reduction of insight into social cognition (4 papers). Other publications examined the neural bases of impaired insight into other specific objects such as memory, executive functions, motivation, ADL or interoception ([Table 4](#tbl0004){ref-type="table"}).Table 4Number of papers published (and its respective percentage) according to the objects of altered insight explored in frontotemporal dementia and associated syndromes[\*](#tb4fn1){ref-type="table-fn"}.Table 4Objects of insightNumber of papersPercentageDisease/diagnosis213.33%Health condition746.67%Social cognition426.67%Memory16.67%Motivation/Apathy16.67%Activities of daily living213.33%Executive functions16.67%Interoception16.67%[^5]

The commonest method used to assess insight was participant-informant discrepancy score (7 studies), followed by retrospective self-assessment versus actual performance discrepancy score and clinical judgement (4 papers respectively) ([Table 5](#tbl0005){ref-type="table"}).Table 5Methodology used for insight assessment and brain imaging.Table 5Brain imaging techniqueMethod of insight assessmentTotalParticipant-informant discrepancy scoreSelf-ratings versus performancesClinical judgmentStructural[\*](#tb5fn1){ref-type="table-fn"}6219Functional[⁎⁎](#tb5fn2){ref-type="table-fn"}1135Combined[⁎⁎⁎](#tb5fn3){ref-type="table-fn"}0101Total74415[^6][^7][^8][^9]

The predominant brain imaging method used was structural brain imaging (9 studies, 8 with MRI and 1 with CT). In contrast, less preferred techniques were functional neuroimaging (5 studies with PET or SPECT) and combined brain imaging methods (1 study with MRI, EEG and resting state). No studies using DTI, MEG, MRS or histological observations were identified ([Table 5](#tbl0005){ref-type="table"}).

In terms of the cohorts studied, most of the works included bvFTD patients (14 papers), language variants of FTD (13 papers; 6 PNFA, 5 SD and 2 LA) and healthy controls (9 papers). Less frequent diagnostic samples included across the publications were patients with ALS, CBS and AD ([Table 6](#tbl0006){ref-type="table"}).Table 6Frontotemporal dementia-related diagnostic cohorts included across the studies reporting neural correlates of altered insight into diverse objects.Table 6DiagnosesNumbers of studies including the diagnosis in referencePercentagebvFTD1493.33%nfPPA640.00%SD533.33%LA213.33%ALS213.33%CBS426.67%AD533.33%Others[\*](#tb6fn1){ref-type="table-fn"}213.33%Controls960.00%[^10]

3.3. Quality assessment of the papers selected for the present systematic review {#sec0010}
--------------------------------------------------------------------------------

The adapted version of the Newcastle-Ottawa Scale for cross-sectional studies utilised here (Supplementary Material 2) evaluated the accuracy of participant selection, variables used to classify comparability of groups, potentially confounding variables accounted for, and the validity of outcomes measures. Using this scale, the quality of the articles finally selected for this systematic were rated as fair (4--6 stars) or good (7--9 stars) ([Table 7](#tbl0007){ref-type="table"}). According to Crombie\'s items ([@bib0104]), they included study designs coherent with their objectives, along with valid measures for the variables under study and appropriate statistical analyses (Supplementary Material 3, Table 8). In addition, a qualitative examination suggested that they all included clear aims, collected data from reliable sources and used appropriate diagnostic inclusion and exclusion criteria to select participants (Supplementary Material 3, Table 9). Only a minority of studies reported dropouts during the data collection process (Supplementary Material 3, Table 9).Table 7Quality assessment for the papers included in the present systematic review according to an adapted version of the Newcastle-Ottawa Scale for cross-sectional studies.Table 7PaperSelection (out of 4 stars)Comparability (out of 2 stars)Outcome (out of 3 stars)Total (out of 9 stars)[@bib0004]★★★★★★★★★★★★★★ (7)[@bib0007]★★★★★★★★★★★★ (6)[@bib0026]★★★★★★★★★★★★ (6)[@bib0035]★★★★★★★★★★★★ (6)[@bib0036]★★★★★★★★★★★★★★★★ (8)[@bib0041]★★★★★★★★★★★★ (6)[@bib0051]★★★★★★★★★★★★ (6)[@bib0054]★★★★★★★★★★ (5)[@bib0055]★★★★★★★★ (4)[@bib0056]★★★★★★★★★★ (5)[@bib0073]★★★★★★★★★★ (5)[@bib0074]★★★★★★★★★★★★★★★★ (8)[@bib0082]★★★★★★★★★★★★★★★★ (8)[@bib0085]★★★★★★★★★★★★★★★★ (8)[@bib0101]★★★★★★★★★★★★ (6)[^11][^12][^13][^14]

3.4. Broad objects of altered insight {#sec0011}
-------------------------------------

### 3.4.1. Altered insight into presence of disease/diagnosis {#sec0012}

Utilising clinical judgment, [@bib0055] reported predominant right frontal dysfunctions (hypometabolism or hypoperfusion) in FTD patients showing impaired insight into disease status using either PET or SPECT, whereas [@bib0056] observed links between this object and variable bilateral, left- or right-sided frontotemporal dysfunction in FTD ([Tables 2](#tbl0002){ref-type="table"} and [3](#tbl0003){ref-type="table"} and [Fig. 2](#fig0002){ref-type="fig"}a).Fig. 2Brain areas involved in altered insight into different objects in patients with frontotemporal dementia and associated syndromesMRI = magnetic resonance imaging; PET = positron emission tomography; SPECT = single-photon emission computed tomography; CT = computed axial tomographyThis figure was created with the Montreal Neurological Institute (MNI) template. The coloured figures represent spatial approximations only (see [Tables 2](#tbl0002){ref-type="table"} and [3](#tbl0003){ref-type="table"} for more accurate details).[@bib0026], [@bib0041], [@bib0054], [@bib0073], [@bib0082] and [@bib0085] were not illustrated in this figure.Fig. 2

### 3.4.2. Altered insight into health condition {#sec0013}

Using clinical judgement and SPECT and in accordance with Mendez and Shapira\'s results ([@bib0055]), [@bib0054] encountered associations between altered insight into health condition and right frontal hypoperfursion. In contrast, Levy et al.\'s study ([@bib0041]) used clinical judgement and structural MRI brain scans, identifying correlations between this object and shrinkage of grey matter over the left orbitofrontal cortex and right regions of the anterior cingulate in FTD, CBS and PPA. After conducting a longitudinal study with CT brain scans, [@bib0036] found altered insight into health condition, measured through discrepancy scores between patients' and clinical judgements, to correlate with sizes of the anterior and inferior horns (indexes of frontotemporal atrophy), in ALS and especially in the ALS-FTD patients.

In a slightly different vein, Hornberger et al.\'s study ([@bib0035]) reported neural correlates for overall insight, which represented an average of components such as diagnosis/treatment, social cognition, language and motivation/organization. Using patient-informant discrepancy scores and structural brain imaging, correlations between altered overall insight and reduction of grey matter across bilateral ventromedial/orbitofrontal and left frontopolar areas were found in a mixed sample of behavioural and language variants of FTD and AD. Significant correlations did not emerge when each patient group was analysed separately ([@bib0035]) ([Table 2](#tbl0002){ref-type="table"} and [Fig. 2](#fig0002){ref-type="fig"}a).

[@bib0051] and [@bib0073] examined the discrepancy between subjective ratings of task performance and objective standardised performance scores, and explored correlations with structural MRI findings. Poor self-appraisal accuracy into multi-domain cognitive decline (average performance on grammatical, comprehension and visual episodic memory tasks) correlated with grey matter density in the ventral and rostral medial prefrontal cortex areas in AD and bvFTD, whilst exclusively with the subgenual cingulate (BA 25) in bvFTD ([@bib0051]). Additionally, altered self-appraisal into multi-domain cognitive impairment (average performance on working memory/attention, episodic memory and executive functions tasks) was correlated with grey matter content in the right ventromedial prefrontal cortex in patients with a wide range of diagnoses including FTD, AD, ALS, MCI and controls ([@bib0073]). On the other hand, through a patient-informant discrepancy score-based assessment, Shany-Ur\'s MRI study ([@bib0082]) found that overestimation of overall cognitive functioning corresponded with atrophy of bilateral superior and middle frontal gyri, right inferior frontal and cingulate gyri, middle temporal gyrus, insula and caudate in FTD, AD and controls ([Tables 2](#tbl0002){ref-type="table"} and [3](#tbl0003){ref-type="table"}, [Fig. 2](#fig0002){ref-type="fig"}a).

3.5. Specific objects of altered insight {#sec0014}
----------------------------------------

### 3.5.1. Altered insight into social cognition {#sec0015}

Findings on altered insight into social cognition can be divided into two aspects, those related to mentalizing and others linked with emotion processing. Mentalizing, also referred to as theory of mind, can be defined as inferring cognitive or emotional states in others ([@bib0005]; [@bib0024]). Hornberger et al.\'s study ([@bib0035]) found correlations between reduced awareness into mentalizing and atrophies across the insula bilaterally, the left orbitofrontal cortex, left parahippocampal zones, the right middle temporal gyrus and the right amygdala in a mixed group of FTD and AD patients. Using methods compatible with this work, Shany-Ur et al.\'s study ([@bib0082]) and [@bib0085] found similar results. Shany-Ur et al.\'s study ([@bib0082]) reported correlations between overestimation of interpersonal abilities and atrophy of the right orbitofrontal cortex, fusiform gyrus, anterior insula and putamen in a mixed group of AD, FTD and controls. Sollberger et al.\'s study ([@bib0085]) found significant correlations between insight into mentalizing and grey matter density in right-hemispheric anterior inferolateral temporal regions in a combined cohort of people with behavioural and language variant of FTD, CBS and AD and controls. In contrast, [@bib0074] observed relations between bvFTD patients' insight into the capacity to interpret social situations and reduced metabolic activity in the left temporal pole using participant-informant discrepancy scores and PET ([Table 2](#tbl0002){ref-type="table"} and [Fig. 2](#fig0002){ref-type="fig"}b).

Emotion processing can also be defined as the ability to recognise emotions expressed by others ([@bib0005]; [@bib0024]). Hornberger et al.\'s study ([@bib0035]) reported significant associations between altered insight into emotion processing ability and atrophy of bilateral frontopolar regions, right dorsolateral prefrontal cortex, the supplementary motor area, the anterior cingulate bilaterally, and the left amygdala in AD and FTD. On the other hand, Shany-Ur et al.\'s study ([@bib0082]) found that overestimation of competency in social interactions was associated with atrophy of bilateral orbitofrontal and anterior insular areas, right superior frontal gyrus, anterior cingulate cortex and the caudate across a mixed sample of patients with FTD, AD and controls.

### 3.5.2. Altered insight into memory problems {#sec0016}

Only one study reported neural correlates of metamemory, that is, self-awareness and self-monitoring of memory, in patients with FTD. [@bib0007] conducted a study aimed at measuring autonoetic consciousness with a feeling-of-knowing task and PET scans. Autonoetic consciousness, defined as the feeling of being able to recall the encoding context during memory retrieval, was markedly impaired in bvFTD patients. Those patients with reduced autonoetic consciousness showed reduced metabolism in the left anterior medial frontal cortex, the left middle frontal cortex near the superior frontal sulcus, the right postcentral gyrus, the left inferior parietal cortex, and the posterior cingulate cortex ([Tables 2](#tbl0002){ref-type="table"} and [3](#tbl0003){ref-type="table"} and [Fig. 2](#fig0002){ref-type="fig"}b). No structural studies exploring altered insight into memory problems in FTD and its associated syndromes were found.

### 3.5.3. Altered insight into dysexecutive behaviours and executive function problems {#sec0017}

When exploring altered insight into dysexecutive disorders and decline in executive function with the use of MRI scans and patient-informant discrepancy scores, [@bib0101] showed that grey matter loss in a region extending from the right superior temporal sulcus to the right inferior temporal gyrus (posterior region of the right superior temporal sulcus, adjacent to the temporoparietal junction) correlated with worsening of insight into behavioural disturbances in a cohort made up of patients with behavioural and language variants of FTD along with patients with CBS, where bvFTD patients tended to underestimate their present behavioural disturbances and overestimate their premorbid behavioural disturbances ([Tables 2](#tbl0002){ref-type="table"} and [3](#tbl0003){ref-type="table"} and [Fig. 2](#fig0002){ref-type="fig"}b).

### 3.5.4. Impaired insight into performances on activities of daily living {#sec0018}

After conducting a structural study with patients with bvFTD and controls, utilising patient versus informant discrepancy scores and MRI, [@bib0004] suggested that decreased density of grey matter in the cuneus, anterior and middle cingulate cortices and posterior cerebellum correlated with reduced insight into instrumental ADL. Complementary, [@bib0082] found, with a similar methodological design, that overestimation of performance on instrumental ADL corresponded with atrophy in widespread right frontal regions (orbital inferior and superior frontal gyri, medial orbitofrontal cortex, dorsal middle and superior frontal gyri), medial and lateral temporal lobe regions, anterior insula, putamen, thalamus and the pons in FTD, AD and controls ([Tables 2](#tbl0002){ref-type="table"} and [3](#tbl0003){ref-type="table"} and [Fig. 2](#fig0002){ref-type="fig"}b).

### 3.5.5. Altered insight into motivation {#sec0019}

Hornberger et al.\'\'s MRI study ([@bib0035]) suggested that insight into motivation assessed by patient versus informant discrepancy score was associated to bilateral orbitofrontal, left anterior cingulate, and right frontopolar shrinkage in a mixed group of AD and FTD patients.

### 3.5.6. Altered insight into interoception {#sec0020}

[@bib0026] explored the neural correlates of interoceptive awareness within a cohort of patients with bvFTD, AD, frontal strokes and controls using EEG, structural MRI and resting state sequences. First, interoceptive accuracy was assessed by asking participants to tap a keyboard in time with their own heartbeat over 3 phases: no feedback, learning (with a stethoscope as means of feedback) and no feedback again. Then, interoceptive awareness was measured by asking participants to estimate how confident they thought they were at performing the task. Compared to controls, patients with AD and FTD showed significant deficits in their confidence in reporting biological changes. Interoceptive awareness was related to atrophy/vascular impairment/dysfunction across a broad frontotemporal, parietal and limbic-insular network.

4. Discussion {#sec0021}
=============

The present systematic review sheds certain lights on how different types of altered insight are mapped across the brain in FTD and associated symptoms; however, it also sparks several issues that require discussion.

4.1. Neural correlates of altered insight appear to vary according to the object of insight in reference in FTD and associated syndromes {#sec0022}
----------------------------------------------------------------------------------------------------------------------------------------

The main goal of this systematic review was to investigate whether different objects of altered insight are linked to different or compatible brain areas in FTD. As hypothesized, overarching altered insight and altered insight into specific neuropsychological/behavioural domains seem to be underpinned by different brain areas in FTD and associated syndromes. This hypothesis is supported by the findings of this review.

Overarching altered insight (into the presence of disease/diagnosis or health condition) in FTD is predominately associated with right frontal hypometabolism/hypoperfusion ([@bib0054]; [@bib0055]) or shrinkages of frontal regions that contain left orbitofrontal cortex and right anterior cingulate ([@bib0041]). In contrast, different modalities of insight into specific neuropsychological/behavioural domains are apparently sustained by specific brain regions. For example, altered insight into social cognition correlates with grey matter density in right inferotemporal regions in FTD, AD, CBS and controls ([@bib0085]) or the orbitofrontal cortex and limbic subcortical regions when combining FTD and AD patients ([@bib0035]). Additionally, inaccuracy in estimating memory performances in bvFTD can be accounted for by dysfunctions of the frontal, parietal and limbic lobes ([@bib0007]), whereas poor insight into performances in ADL in bvFTD and controls seems to be mediated by frontal medial regions, the insula and also posterior areas of the cerebellum ([@bib0004]).

4.2. Comparisons with neural foundations of altered insight in other brain disorders {#sec0023}
------------------------------------------------------------------------------------

The findings of the studies reviewed here on overarching altered insight resemble partly those seen in other neurodegenerative diseases. As noted in FTD ([@bib0054]; [@bib0055]), impaired disease/symptoms insight correlates with reduced blood flow in right frontal inferior and superior regions in AD ([@bib0088]). However, hypometabolism and atrophy in the left dorsal anterior cingulate has also been associated with reduced insight in AD ([@bib0031]). Conversely in other analyses, altered insight has not been shown to correlate with cortical thickness in a mixed group of MCI and AD ([@bib0079]).

This scenario appears to be in accordance with observations made in other brain disorders. For instance, disease awareness appears to be associated to frontal lobes and basal ganglia in VD ([@bib0087]). In patients with TBI, overall insight into one\'s own personality traits has been paired with higher activity in the right anterior dorsal prefrontal cortex ([@bib0078]). Furthermore, patients with SCZ exhibit associations between disease unawareness and reductions of grey matter density in the right anterior cingulate, left posterior cingulate and bilateral temporal inferior regions ([@bib0032]), the prefrontal cortex ([@bib0081]) and total cranial volume ([@bib0023]), together with hypoactivations of frontal, parietal, basal ganglia and limbic areas ([@bib0080]). However, results obtained from larger cohorts of SCZ patients have not found significant correlations between illness awareness and cortical thickness or subcortical involvement ([@bib0008]).

In healthy controls, activation in the right ventrolateral prefrontal cortex and the midbrain were respectively found when the assessment of insight was split into self-reflectiveness and self-certainty within an external memory paradigm ([@bib0014]). Additionally, a cohort of healthy individuals and patients with subjective cognitive decline exhibited a significant correlation between altered insight into cognitive changes and grey matter volumes of the left posterior hippocampus and cerebellar areas ([@bib0076]).

As observed in FTD, the brain areas of a particular insight object seem to be compatible with those that may be responsible for that object in control subjects and patients with different brain disorders. For example, social interoceptive accuracy in healthy controls has been accounted for by higher activations mainly in right frontal, cingulate and parahippocampal regions, whereas in SCZ patients this has been correlated with frontotemporal and occipital areas ([@bib0067]). While metamemory in healthy controls appears to be primarily underpinned by a wide network of medial temporal, frontotemporal and parietal areas ([@bib0016]), altered metamemory has been associated with reduced cortical thickness in right frontal and cingulate areas in a combined sample of controls and AD patients ([@bib0010]). In relation to AD patients only, insight into memory performance is linked with grey matter volumes in the left superior frontal gyrus ([@bib0025]), while in amnestic MCI patients both the posterior cingulate cortex and the hippocampi are compromised ([@bib0095]).

4.3. Study methodologies may shape their respective outcomes {#sec0024}
------------------------------------------------------------

The evidence analysed in this systematic review suggests that distinct insight objects are subserved by different neural correlates in FTD. However, this affirmation should be interpreted with caution due to the diversity of methodological approaches that led to such results. Considerable variability was seen in the conceptualization of insight, insight assessment methods, and brain imaging techniques used.

### 4.3.1. Conceptualization of insight {#sec0025}

The articles selected for this systematic review used various labels to denote impaired self-knowledge of disease/symptoms. Whilst anosognosia ([@bib0054]; [@bib0055]) and reduced self-awareness mostly addressed disease unawareness, reduced insight itself, autonoetic consciousness or awareness embraced respectively the insight objects of social cognition ([@bib0035]), episodic memory ([@bib0007]) and ADL ([@bib0004]). Other publications specified with insufficient precision the insight object under study. Anosognosia appeared to be occasionally extrapolated to a global condition when seeking the neural bases of altered insight into the presence of frontal behaviours ([@bib0101]). Congruently, unsuccessful post-test judgements on particular attentional, language and memory performances, once averaged, tended to be overgeneralized to mean lack of overall insight ([@bib0073]) or impaired multi-domain self-appraisal ([@bib0051]). Such a remarkable variety in the terms used to characterize altered insight in neuropsychiatric disorders has been also highlighted previously elsewhere ([@bib0102]; [@bib0028]; [@bib0045]).

The wide array of terms used to label insight raises doubts as to whether researchers were investigating the same phenomena. This inconsistency can be attributed to the intrinsic complexity of the conceptualization of insight ([@bib0048], [@bib0049]; [@bib0047]). We propose that relating insight to a specified object will aid the search for its neural correlates in different neurodegenerative and neuropsychiatric conditions.

### 4.3.2. Insight assessment {#sec0026}

A wide range of different insight assessment approaches have been reported, which coincides with the variability in the conceptualization of the term and may introduce further heterogeneity to the literature. This situation questions whether the resulting neural correlates of altered insight may be shaped by their definitions and insight assessment methods. Comparing the neural outcomes obtained from different types of insight evaluation procedures focused on a particular object over the same cohort may provide an answer ([Table 2](#tbl0002){ref-type="table"} and [Fig. 2](#fig0002){ref-type="fig"}).

[@bib0041] partially addressed such a problem contrasting results from participant-informant discrepancy scores and clinical judgment assessment methods in FTD and CBS. In comparison with participant-informant discrepancy scores, clinical judgement accounted for more variance of altered insight in orbitofrontal and anterior cingulate grey matter. However, these findings are debatable as the insight objects respectively contrasted differed, corresponding to altered insight into dysexecutive behaviours when participant-informant discrepancy score was used and disease unawareness when clinical judgement was used ([@bib0041]).

A recent study investigated whether different insight assessment methods were linked with compatible neuroanatomical correlates in MCI and AD ([@bib0093]). Insight into disease status was measured by clinical judgement and patient-informant discrepancy scores, with compatible temporomedial neural correlates emerging from each measure. Moreover, discrepancy scores between self-appraisal and standardised scores on cognitive tasks yielded the same results ([@bib0093]). There is a need for comparison of different insight assessment methodologies in FTD cohorts, to establish whether experimental results will be influenced by the choice of assessment method.

### 4.3.3. Brain imaging {#sec0027}

The influence of different brain imaging techniques on study results was not thoroughly investigated among the studies reviewed here. Only one study examined this issue to a certain extent. [@bib0026] used structural and functional MRI to investigate the neural substrates of interoceptive awareness and both imaging techniques suggested similar findings ([@bib0026]).

4.4. Considerations relating to the critical appraisal of the papers included in the present systematic review {#sec0028}
--------------------------------------------------------------------------------------------------------------

Although the studies reviewed in this manuscript presented well-defined methods and were of satisfactory quality, methodological issues remain. No study explicitly declared whether the researchers who conducted the evaluation of insight were blind to the diagnoses of the participants or imaging findings. Additionally, certain studies did not include cognitively healthy controls ([@bib0035]; [@bib0041]; [@bib0054]; [@bib0055]; [@bib0056]). Other studies excluded covariables like age, years of education, disease severity or total intracranial volume from the regression models used to link altered insight and brain involvement ([@bib0036]; [@bib0041]; [@bib0051]; [@bib0074]), which could have influenced the reported results. In the same line, certain investigations applied weak statistical techniques to suggest neural substrates for altered insight in FTD ([@bib0054]; [@bib0055]; [@bib0056]). Other confounders are small groups sizes, and the use of mixed cohorts including participants with different cognitive diagnoses. For example, several studies included small FTD subgroups of roughly 10 participants ([@bib0007]; [@bib0036]; [@bib0073]). Moreover, others combined FTD with AD ([@bib0051]), FTD, AD and patients with strokes ([@bib0026]) or FTD, MCI, AD, ALS and CBS ([@bib0073]). Aside from this, the heterogeneity of the pathology that causes FTD ([@bib0015]; [@bib0043]; [@bib0044]; [@bib0040]) can result in syndromes characterised by different symptoms, either predominantly behavioural, language associated or motor ([@bib0071]; [@bib0066]; [@bib0029]; [@bib0089], [@bib0090]), which at the same time can hinder the search of the neural basis of altered insight in FTD.

To the best of the authors' knowledge this is the first systematic review on neural correlates of altered insight in FTD and associated syndromes conducted according to predefined structured procedures such as those proposed by the PRISMA statement ([@bib0042]; [@bib0058]). Other reviews on the matter using alternative methodologies have already reported assessment methods for insight in dementia ([@bib0017]), neural bases of insight in AD and other dementias ([@bib0021]); neuropsychological patterns of altered insight/unawareness ([@bib0020]) and neuroanatomical correlates for lack of awareness ([@bib0102]) in AD and FTD.

4.5. Altered insight and models of awareness {#sec0029}
--------------------------------------------

The DICE model recognizes insight\'s neurocognitive multidimensionality; however it seems to oversimplify a highly complex phenomenon and explain insufficiently memory\'s crucial role in its formation ([@bib0003]). The Cognitive Awareness Model (CAM) model vindicates memory as a critical centre for a 'personal knowledge base' (PKB). In CAM, a faulty functioning of a 'memory comparator' (MC) can trigger different forms of altered insight. Thus, inaccurate updates of the PKB generated by a MC can make a subject with altered insight assume their abilities are unchanged from their premorbid state ([@bib0003]).

CAM was reformulated (CAM-R) to include other components that potentially support insight ([@bib0059]). A 'personal data base' (PDB), equivalent to the PKB, interacts with an 'Autobiographical Conceptual Memory System' (ACMS), 'comparator mechanisms' (CMs) and a 'Metacognitive Awareness System' (MAS) ([@bib0059]; [@bib0060]). In CAM-R, diverse types of impaired insight are a consequence of disruptions in CMs, which wrongly update the PDB. Complementary, the conscious recognition of both abilities and deficits is controlled by the MAS, which finally embodies insight mechanisms ([@bib0059]; [@bib0060]).

Other models like the Self-Memory System (SMS) ([@bib0018]) have also stressed the central role played by memory processes in the construction of self-images. In a similar line, it has been postulated that disruptions in the interplay between anterograde and retrograde memory may result in an incomplete upgrade of personal information ([@bib0057]). This reduced consolidation of self-knowledge (non-updated PDB) may generate then a "petrified self" made up of distorted previous representations ([@bib0057]).

Unlike DICE, the aforementioned models seem to fail at proposing specific neural correlates for different forms of altered insight. Recently, [@bib0009] experimentally tested the CAM-R with cognitive tasks and functional brain imaging in patients with dementia. Altered processing of new personal information (inability to update the PDB) and faulty consolidation (disintegrated PDB) correlated with dysfunctions in lateral temporal and insular cortices along with the hippocampal complex. Moreover, it was suggested that altered insight into memory was associated with the disrupted connectivity in the default mode network (DMN) ([@bib0009]).

More research is needed to experimentally test models of insight in FTD and associated syndromes. Although the brain areas implicated in altered insight proposed by the cited models of awareness may be relatively equivalent with the findings summarized in this systematic review, the number of articles revised is insufficient to draw firmer conclusions on the neural circuits that underpin different types of insight. Further generalizations are subject to limitations and go beyond of the scope of this review.

4.6. Altered insight and neural networks {#sec0030}
----------------------------------------

Several neural networks with structural and functional differentiations have attracted the attention of dementia researchers. Among them, the salience network (SN) processes external and internal significant socio-emotional information and includes the frontoinsula and the pregenual anterior cingulate ([@bib0070]). The semantic appraisal network (SAN), which is juxtaposed with the SN, is responsible for self-evaluation functions influenced by semantic frameworks and involves the temporal pole, ventral striatum, subgenual cingulate and amygdala ([@bib0070]). The DMN, distributed across temporoparietal, cingulate and hippocampal areas, corresponds to circuits that deactivate when performing certain cognitive functions, but activates in memory retrieval, mental state attribution and visual imagery ([@bib0105]).

Both SN and SAN are predominantly affected in FTD ([@bib0070]), which contrasts with the characteristic vulnerability of the DMN in AD ([@bib0105]). Aside from this, FTD appears to exhibit reductions of activity in frontotemporal areas of the DMN and enhanced posterior DMN connectivity, whereas AD tend to have enhanced SN connectivity ([@bib0105]). It has been proposed that the patterns of deterioration described across those neural networks can account for the alterations of self-projection ([@bib0038]), insight and other metacognitive phenomena ([@bib0105]) observed in FTD. Although it is possible to acknowledge certain overlap between the structures and functions of the mentioned networks and the findings analysed in this systematic review, more research is needed to clarify how insight can be shaped by those circuits.

4.7. Future directions {#sec0031}
----------------------

Larger group sizes with cognitively healthy control groups and triangulation of different neuropsychological methods for insight assessment and neuroimaging modalities are needed. Examining the findings obtained through different brain imaging techniques over the same insight object and cohort of participants may provide neuroanatomical validity to insight measures. Ideally, patients with clinical FTD should be subgrouped according to their exact clinical syndrome and likely underlying neuropathology, although this is challenging in a relatively rare disease. Counterintuitively, healthy controls from several studies reviewed here were inaccurate when judging their own abilities, although altered insight was significantly more severe in patients with bvFTD. It would be of great interest to elucidate whether different brain imaging techniques, for instance, voxel-based morphometry, cortical thickness, diffusion tensor imaging or resting state, yield compatible results in the examination of one particular object of insight measured through a unique or several different approaches over the same cohort. Longitudinal studies with repeated measures of insight and brain imaging over a number of time points will also help enhance our understanding of how different brain regions contribute to the deterioration in insight seen over the disease course in FTD.
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[^1]: Search strategy performed onto five online databases including Medline, Embase, PsycINFO, Web of Science, BIOSIS and ProQuest Dissertations &Theses Global.

[^2]: After every key word the command 'OR' was added.

[^3]: Inputs were overlaid using the command 'AND'.

[^4]: Judgements made according to the quality assessment conducted with an adapted version of the Newcastle-Ottawa Scale (see [Table 7](#tbl0007){ref-type="table"}).

[^5]: The total number of papers finally selected was 15. Certain studies explored more than one insight object (see [Tables 2](#tbl0002){ref-type="table"} and [3](#tbl0003){ref-type="table"}).

[^6]: No study used DTI, MEG, MRS or histological observations to explore any modality of lack of insight in FTD.

[^7]: 8 studies (88.89%) used MRI \[[@bib0004], [@bib0035], [@bib0041], [@bib0051], [@bib0073], [@bib0082], [@bib0085] and [@bib0101]\] and 1 (11.11%) used CT \[[@bib0036]).

[^8]: All studies used either PET or SPECT \[[@bib0007], [@bib0054], [@bib0055], [@bib0056] and [@bib0074]\].

[^9]: 1 study used structural MRI, EEG and resting state functional MRI \[[@bib0026]\].

[^10]: Others included patients with MCI and frontal strokes.

[^11]: Thresholds for converting the Newcastle-Ottawa scales to Agency for Healthcare Research and Quality (AHRQ) standards (good, fair, and poor) as applied elsewhere ([@bib0083]):

[^12]: \- 3 or 4 stars in selection domain plus 1 or 2 stars in comparability domain plus 2 or 3 stars in outcome/exposure domain = good quality.

[^13]: \- 2 stars in selection domain plus 1 or 2 stars in comparability domain plus 2 or 3 stars in outcome/exposure domain = fair quality.

[^14]: \- 0 or 1 star in selection domain plus 0 stars in comparability domain plus 0 or 1 stars in outcome/exposure domain = poor quality.
